Longitudinal cell formation in the entire human small intestine is correlated with the localization of Hath1 and Klf4.
Double balloon endoscopy (DBE) enables the observation and collection of viable specimens from the entire intestine, thereby allowing more detailed investigation of how the structure and function of the human small intestine are regulated. The present study aimed to elucidate the regulation of cell formation in the human small intestine using biopsy specimens collected from an entire individual small intestine by DBE. The expression and the localization of representative genes for the differentiation program were analyzed in the entire small intestine of 10 patients. The functional correlation between Hath1 and Klf4 was analyzed in an intestinal cell line by using a Tet-On system. In longitudinal cell formation in the small intestine, it was shown that goblet cells, but not Paneth cells, increased toward the ileum in each individual small intestine. Immunohistochemistry showed that Hath1-expressing cells migrated from the base of the crypt to the top of the villi in the terminal ileum, while Klf4-expressing cells migrated from the top of the villus, resulting in the colocalization of Hath1 and Klf4 in the terminal ileum. Coexpression of Hath1 and Klf4 upregulated the expression of phenotypic genes for goblet cells following the downregulation of those for Paneth cells. Using mapping biopsy by DBE, we have demonstrated, for the first time, the molecular basis of the villus structure in the entire human small intestine in vivo. The present study showed that longitudinal cell formation was regulated by the colocalization of Hath1 and Klf4 that converted Paneth cell differentiation into goblet cell differentiation.